The degradation of Metal-on-Metal (MoM) Total Hip Replacements (THRs) is a complex mix of tribological, corrosive phenomena and their synergistic processes. Previous links between the corrosion of these devices and their sliding conditions over a cycle have been observed in simulator studies instrumented with a three-electrode electrochemical cell. This study further quantifies that link; demonstrating clear repeating periodicity in the anodic current transients of a 28 mm diameter MoM bearing under a standard ISO-14242 walking profile. A simplified 2D model and an expression of the Hamrock-Dowson equation was utilised to estimate the Theoretical Minimum Film Thickness (h min ) over a cycle, which was shown to match closely to the measured anodic current in both shape and magnitude.
Introduction
After discovering higher than acceptable revision rates for Metal-on-Metal (MoM) bearings in Total Hip Replacement (THR) there has been a rapid decline in their use over the past decade [2, 3] . Despite this 1,096 5 MoM primary hip replacement operations were performed in the UK in 2014 [4] . Whilst this only accounts ions into the lubricant [14, 15] . The effect of corrosion has also been observed to change over the course of long-term simulator tests with marked shifts in Open
Circuit Potential and corrosion current during runningin of the device [16] . Adverse loading scenarios have 55 also been observed to increase the percentage contribution of corrosion to total degradation [17] . This has all combined to demonstrate the importance of in-situ corrosion monitoring as a tool to aid assessment of implant performance [18] .
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A comprehensive model which links the corrosive degradation of a metal sliding contact to total wear has therefore long been a goal. Hesketh et al. [19, 20] made an initial attempt to correlate repeating patterns noted in anodic currents measured from Metal-on-Metal bear-ings with a so called 'severity factor:'
where I is the current generated by sliding (amps), W is the axial load (N), ω is the angular velocity (rad.s −1 ) and h min is the theoretical minimum film thickness (nm).
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As conditions become more severe at the interface, i.e. 
Methods
The simulator was instrumented with a threeelectrode electrochemical cell to facilitate in-situ measurements of corrosive degradation. A working electrode (WE) connection was taken from both the Acetab- This consisted of a twin-peak loading curve with 3,000
N peak loads at 'heel-strike' and 'toe-off' and a 300 N swing phase load. The rotational axes were +25°/-18°130 Flexion/Extension, +7°/-4°Adduction/Abduction and +2°/-10°Internal/External Rotation.
The hypothesis of this study was that the phase difference between current and 'severity factor' was a lag following from the previous cycle, rather than advance 
where I is the current as a result of applied potential (amps), I corr is the corrosion current at OCP (amps), profile at 0.5 Hz. These profiles were derived from data provided by Fabry et al. [22] which was based on the work of Bergmann et al. [23, 24] .
Hamrock-Dowson Model
A simplified 2D model, shown in Figure 4 , was ) [25] was used to estimate the minimum film thickness over three cycles. where R ′ is the Equivalent Radius (m), η is the Lubri- 
where r 
Results
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OCP
Once sliding was initiated a cathodic shift in OCP was noted at all frequencies. At the lower cycle frequencies however (< 1.0 Hz) larger and more sustained 
Anodic Polarisation
At all but one cycle frequency a twin peak profile was noted with a primary peak at 'toe-off' and a typically Figure 9 shows the axial load and calculated resul- lation between the overall tribological severity at a given frequency and the resultant anodic current. with a peak in current, which continued to fall until the next 'heel-strike.' There was a slight change to the current curve around this point but was not a clearly well defined peak. Both of the inverted film thickness peaks 300 occurred approximately at points of maximum and min- 
Hamrock-Dowson Model
Daily Living Cycles
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Under the 'stair climb' profile the current transient 
Discussion
The present study has shown that there is a close link between the electrochemical degradation and the tribo- 
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• The corrosive degradation of a MoM bearing under sliding is closely linked to the tribological conditions at a given point in a cycle.
• Peaks in current, and thus depassivation, occur at the same point in the cycle despite cycle frequency.
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• The Theoretical Minimum Film Thickness calculated using a simplified 2D model appeared very similar in both shape and magnitude to anodic current transients.
• A more detailed comprehensive 3D model is re-505 quired to fully describe the tribology and depassivation under more complex daily living cycles.
